The seasonal succession of algal species in the epipelon of shallow, mesotrophic pond Bezedník (Czech Republic) with special attention to diatoms (particularly Sellaphora) is described. The composition of epipelic algal assemblages changed over time in both higher taxonomic groupings and species representations. Spring and autumn were characterized by a dominance of diatoms; euglenophytes had their maximum in June and cyanobacteria were typical for the summer season. The occurrence of algal species also correlated with water temperature. However, although the growth of some species was restricted to a particular month, other species or species complexes had more extended growth periods. The genus Sellaphora has been selected to demonstrate variation in temporal distribution within species complexes.
Introduction
Epipelon, defined as cyanobacteria and eukaryotic algae that live on or in association with fine-grained substrata, plays a key role in the functioning of freshwater ecosystems (poulíčková et al. 2008a) . Despite their significance, many aspects of the temporal, spatial and geographical distribution, biodiversity, and ecology of epipelic algae are poorly understood (Hašler et al. 2008 , Hašler & poulíčková 2009 , poulíčková et al. 2008a . The study of epipelic algal ecology in freshwater habitats was pioneered by Round (1953 Round ( , 1972 . However, interest did not develop to the same extent as in other important areas of freshwater research, most prominently the study of eutrophication and phytoplankton ecology. Some epipelic diatom species (Sellaphora pupula, S. bacillum) have proved to be complexes containing several morphologically similar species (Mann et al. 2008) . Despite the fact that Sellaphora is the best-studied diatom genus in terms of cryptic diversity, the niche differentiation of these, often sympatrically occurring, semicryptic species is largely unknown (poulíčková et al. 2008b) . The possibility that sympatric semicryptic species may co-occur because they have different seasonal occurrences should be tested. Fish ponds are man-made shallow water bodies in which water level, fish stock, and, to some extent, nutrient and fish-food input are under human control (Fott et al. 1980 ). This freshwater habitat type can be found in several European countries (e.g. Austria, Poland, Germany, Hungary, France, Croatia, Russia), and typically outnumbers larger lakes by a ratio of about 100:1 (oeRtli et al. 2005) . In the Czech Republic they represent the single most common type of the stagnant water habitats (total area 510 km 2 ; pokoRný et al. 2006), replacing a large proportion of former wetland ecosystems. The most recent papers, particularly focused on invertebrates or plants, highlight the importance of ponds for harbouring a large fraction of the total freshwater diversity (CéRéghino et al. 2008a ,b, davies et al. 2008 , de Bie et al. 2008 . The spatial and temporal distribution patterns of epipelic algae in fish ponds remain largely unexplored, however (Hašler et al. 2008 (Hašler et al. , poulíčková et al. 2008 .
The present study, based on regular sampling of the model mesotrophic pond Bezedník (Moravia, Czech Republic), aims to describe the pattern of seasonal succession of pond epipelic . Seasonal changes in temperature (°C), species richness, occurrence of planktonic (plankton) and selected epipelic species (in %): (Komcon) Komvophoron constrictum; (Photer) Phormidium terebriforme; (Spimai) Spirulina maior; (Nitpal) Nitzschia palea; (Achmin) Achnanthidium minutissimum; (Falpyg) Fallacia pygmaea; (Navang) Navicula angusta; (Navcap) Navicula capitata; (Navcar) Navicula capitatoradiata; (Navcry) Navicula cryptocephala; (Navtri) N. trivialis; (Navven) N. veneta; (Selpup) Sellaphora pupula; (Ampcop) Amphora copulata; (Cymmic) Cymbella microcephala; (Dipocu) Diploneis oculata; (Frauln) Fragilaria ulna; (Gompar) Gomphonema parvulum; (Gyracu) Gyrosigma acuminatum; (Navmen) Navicula menisculus. the PCA (species scores) by non-parametric Spearman correlation (r s ) using NCSS software. The correlation between Sellaphora pupula morphospecies occurrence (log-transformed data; Y´ = log [A.Y + B], A = 1, B = 1) and water temperature was tested by redundancy analysis (RDA) with Monte Carlo permutition test under reduced model (499 unrestricted permutations).
Results
The pond under investigation (Fig. 1) is usually covered by ice and snow from December to February. The growth season in Bezedník started in 2007 in March, and the first sample was taken after complete disappearance of the ice cover. Water surface temperature ranged from 5 ºC to 17 ºC during the spring period (March-May), reached its maximum in August (24 ºC) and declined during late summer and autumn (Fig. 2) .
The epipelic assemblages were dominated (in terms of abundance; cf. cell sizes of epipelic species in Fig. 1c-n) by Bacillariophyceae (60%) during spring and autumn and by Cyanophyta (almost 80%) during summer. Euglenophyta reached their seasonal maximum (40%) in June (Fig. 3) .
In total 93 species were found in the epipelon (including littoral or sedimented planktonic species; Table 1 ). Some representatives are illustrated in Fig. 1 c-n. Species richness was cyanobacteria and algae. A previous study of pools in England (Round 1972 ) provides a comparison with communities growing in different climate conditions (continental versus atlantic temperate climate).
Materials and Methods
The National Nature Sanctuary Bezedník (Czech Republic, GPS coordinates: 49°17´58´´N, 17°43´35´´E; altitude 323 m a.s.l.), is a small, shallow, mesotrophic, forest pond (area 1.5811 ha, max. depth 2 m, shading 50 %), and is protected as a place for amphibian reproduction ( Fig. 1 a,b) . Summer season is characterized by total coverage by submerged macrophyte Potamogeton crispus L. Environmental variables are described in detail elsewhere (conductivity 461 -729 µS.cm -1 , pH 8.6 -9.1, Secchi disc transparency 75 -200 cm; Hašler et al. 2008 Hašler et al. , poulíčková et al. 2009 ).
Sediment samples were collected monthly (12.3., 2.4., 2.5., 18.6., 24.7., 5.8., 16.9., 29.10. and 30.11.) from March 2007 (after ice cover disappearance) to November 2007, using a glass tube, as described by Round (1953) . They were transported to the laboratory in polyethylene bottles, poured out into plastic boxes and allowed to stand in the dark for at least 5 h. The supernatant was then removed by suction and the mud was covered with lens tissue. Under continuous lowlevel illumination (c. 5 μmol photons m -2 .s -1 ) epipelic algae moved up through the first layer of lens tissue and became attached (within 24 hours of exposure) to the second layer of lens tissue and cover slips placed on top. Mostly autochtonous epipelic motile species are captured by this method, although some non-motile or sedimented planktonic species can be observed (poulíčková et al. 2008a) . Living cyanobacterial and algal cells, captured on cover slips were identified and counted (unicellular algae were counted as cells; colonies and filaments were counted as units 100 µm long) on the same area (22 mm 2 ) in native preparations (mounted in water) immediately after exposure. Diatoms captured in the second layer of the lens tissue were cleaned with a mixture of concentrated sulphuric and nitric acid and mounted in Naphrax as described previously by poulíčková & . Species were identified according to kRaMMeR & langeBeRtalot (1986 ( , 1988 ( , 1991a ( , b), hindák ed. (1978 ( ), and WoloWski & hindák (2005 . Relative abundances of diatom species were estimated by counting 400 individuals from each sample.
The software package CANOCO for Windows 4.5 (teR BRaak & ŠMilaueR 2002) was used for multivariate statistical analyses. The epipelic diatom dataset (percentage of individual species in samples from March to November without any transformation) was analysed via principal components analysis (PCA). Water temperature was correlated with the results of Table 1) similar during the whole year, with the exception of the summer months, when sedimented planktonic species enriched the assemblages (Fig. 2) Seasonal changes in relative abundances of selected algal species are illustrated in Fig. 2 . All algal data were used for PCA analysis (Fig. 4) . The first axis of the PCA, corresponding to the main variation in epipelic assemblages, separated the spring months from summer and autumn, while June was clearly separated from the other months on the second axis. Species like Spirulina maior, Navicula capitatoradiata, Sellaphora pupula and Navicula trivialis were most abundant in spring. Also Nitzschia palea and Diploneis oculata were identified mainly in spring with an additional increase in autumn. Some taxa were distributed more or less equally during the year, for example Navicula capitata, N. cryptocephala, Achnanthidium minutissimum. Komvophoron constrictum and Phormidium tergestinum were characteristic for the summer and autumn months. June differed significantly because of a dominance of Euglenophytes (Euglena mutabilis, E. oxyuris, Monomorphina pyrum).
The first and second axes of PCA ordination of epipelic algae explained 51 and 21.9% of the variance of species data respectively. The species turn-over over the first PCA axis was correlated with water temperature, diatoms were negatively correlated with water temperature (Spearman correlation for all epipelic species r s = 0.67, p = 0.05; for diatoms only r s = -0,64, p = Navicula radiosa kütz. 0.05, for Sellaphora pupula species complex r s = -0.73, p = 0.05). Sellaphora bacillum agg. (Fig. 5 a-c) occurred rarely (<1%) during the whole year. Sellaphora pupula agg. represented 1-3% of epipelic assemblages in Bezedník, being rare within Central European lowland waters in contrast to British lakes (1-40%; poulíčková et al. 2008b). In Sellaphora pupula, several morphotypes with different seasonal occurrences could be distinguished (Fig. 6) .
Capitate frustules of morphotype A (Fig.  5 d-j) , which is most likely heterogenous, represented 30 to 70% of the Sellaphora specimens present (Fig. 6) . Frequent was also lanceolate morphotype C (Fig. 5 n-p) with irregular central area (5-50%). Lanceolate morphotype B (Fig. 5 k-m) with bow-tie-shaped central area occured in winter-spring months. Elliptical morphotype D (Fig. 5 q-r) occurred only in August (37%). Small morphotype E (Fig. 5 s-t) occurred irregularly (5-17%). RDA (Fig. 7) showed that the influence of temperature on morphospecies occurrence was significant (F = 2.44, p = 0.038). Morphotype B was negatively correlated with temperature, morphotype D was positively correlated with temperature. Morphotypes A and C separated on the second axis were more likely influenced by other factor not measured in this study.
Discussion
Much has been written over the years concerning the seasonal succession of planktonic algae, similar studies of epipelic communities are scarce (Round 1972) .
For planktonic diatoms, it is wellestablished that seasonal changes are conditioned by fluctuations in environmental variables (lund 1950) . However, the measurements of these factors in an interface between mud and water, inhabited by epipelon, is difficult. Spring and autumn diatom maxima (both planktonic and benthic) are usually explained by fluctuations in silica concentrations (jeWson 1992 , Round 1953 . This is true for deep large lakes, but the situation in shallow ponds may be different (poulíčková 1999).
Round published a three year study of epipelon seasonal dynamics from small, extremely shallow (up to 50 cm) ponds withouth thermal stratification, situated in the Botanical Garden in Birmingham (Round 1972) . A characteristic of the seasonal cycles was their general reproducibility from year to year. Bezedník is a slightly deeper pond (200 cm) without summer thermal stratification, the only stratification can be found in winter, when the surface is covered by ice and snow and conditions near the bottom are characterized by a water temperature of 4 ºC, very low light, high content of organic matter (leaves from surrounding trees and decaying parts of submerged macrophytes e.g. Potamogeton crispus L., Fig. 1a,b) and almost anoxic conditions (haŠleR & poulíčková 2009) . In contrast to Round´s paper, the seasonal maximum of Euglenophytes in June corresponded well with an increase of organic matter content. Organic matter content started to increase in summer due to the collapse of populations of the submerged macrophyte Potamogeton crispus at the end of their vegetation season (Hašler & poulíčková 2009 ). The mud became black and anoxic. These conditions were tolerated also by some cyanobacteria, particularly Komvophoron constrictum. Cyanobacterial summer dominance correspond also with their inclination to higher temperatures, the same pattern is known from plankton (Reynolds 1986 ). The only exception was represented by Spirulina maior with spring occurrence.
Despite climate and site condition differences, we have found a similar pattern in the occurrence of several joint epipelic species studied by Round (1972) : Navicula capitata (formely N. hungarica var. capitata), Navicula cryptocephala, Sellaphora pupula (formely Navicula pupula), Nitzschia acicularis, and Nitzschia palea. Three species, Navicula capitata, N. cryptocephala and Niztzschia palea can be characterized as species ocurring the whole year with a slightly lower abundance in summer. The more extended growth periods of these species were also noticed by Round (1972) . He discussed particularly N. palea and N. cryptocephala, of which he suggested that they might include several morphologically similar forms. In fact, he predicted the existence of cryptic species within these species complexes, which was only recognized formally much later (tRoBajo et al. 2006 , poulíčková & Mann 2006 . Achnanthidium minutissimum belongs to the same category of morphologically heterogenous species (potapova & haMilton 2007) . The occurrence of Nitzschia acicularis corresponded to the occurrence of other mid-summer (high light and temperature) planktonic species.
Sellaphora pupula agg. exhibited a winterrare, exhibited only by elliptical morphotype D. Morphospecies without any temperature/ season preferences seems to be morphologically heterogenous. Round (1972) mentioned two morphospecies (Navicula pupula and N. pupula var. capitata). The extreme semicryptic diversity was not known at that time. The Sellaphora species complex consists of at least 50 morphospecies within Great Britain (Mann et al. 2008) ; some of these morphospecies (demes) are ecologically differentiated (poulíčková et al. 2008b ) and more than two co-exist in the same lake (Mann et al. 2008 (Mann et al. , poulíčková et al. 2008b . Although some of the morphospecies found in Bezedník resemble the demes from Great Britain (Mann et al. 2008) , their taxonomical position is uncertain. Bar-coding data obtained in case of 15 Sellaphora clones, isolated from other Czech ponds (no data exist for Bezedník´s morphotypes) showed, that most of Czech and British demes differ genetically on the species level (evans, unpublished). The morphological variation illustrated here (Fig. 5) suggest, that Bezedník is inhabited by several demes of the Sellaphora pupula agg. Two morphotypes, which seem to be homogenous morphologically, can be selected as an example of two extremes in temporal distribution. In contrast to elliptical morphotype D which occurred only in August, lanceolate morphotype C was frequent all over the year. The same pattern was observed in some cyanobacteria (Hašler & poulíčková 2009) , which means, that some eurytope species may exist, but this hypothesis need confirmation on genetic level. 
